INTRODUCTION
Grassland provides the cheapest and whole feed [Jankowska-Huflejt, Wróbel 2008] , and structural and non-structural carbohydrates, as well as lignin content are, among others, one of criteria of assessing food value. Too high or too low contents in feed are not good for animals [Podkówka, Podkówka 2006] . Structural carbohydrates and lignin reduce feed digestibility [Chaves et al. 2002] and energy value whereas non-structural carbohydrates improve the nutritional value and flavour of plants and they determine feed utilisation direction and production technology. Concentration of the above components in individual grass species changes due to many factors, including agrotechnological practices, such as plant fertilisation. In recent years, sustainable agriculture has been increasingly interested in an application of seaweed extracts which may be used as bio-stimulants and liquid fertilisers because they contain plant hormones (auxins, cytokinins and gibberellins) [Durand et al. 2003 , Strik et al. 2004 , macroelements (e.g.: Ca, K, P) and microelements (Fe, Cu, Zn, B, Mn, Co and Mo) [Khan et al. 2009 , Craigie 2011 .
The activity of biostimulants obtained from seaweeds depends to a greater extent on the plant species or even cultivar and timing of application than the rate at which they are applied [Matysiak et al. 2012] . Kelpak SL, a seaweed (brown algae) Ecklonia Maxima extract, is one of such products. Research has confirmed a positive effect of Kelpak SL on crop plants. However, knowledge of its mode of action is still fragmentary.
The objective of the study was to determine the effect of the biostimulant Kelpak SL on structural and non-structural carbohydrates as well as lignin content in orchard grass and Braun's festulolium.
MATERIALS AND METHODS
A field experiment was arranged as a randomised sub-block design (split-split-plot) with three replicates at the Siedlce Experimental Unit of the Siedlce University of Natural Sciences and Humanities (Poland) Felopa and Agula.
The growth stimulant applied in the experiment is an extract from the fastest growing seaweed (kelp) Ecklonia maxima harvested off the coast of South Africa. The extract contains, among others, the natural plant hormones auxins (11 mg·l ). The commercial name of the stimulant is Kelpak SL and it is manufactured by Kelp Products (Pty) Ltd P.O. Box 325, Simon's Town, the Republic of South Africa.
The growth regulator was not applied in the year when the experiment was established (2009). The season was an introductory period when three weed-control cuttings were made. After the second cutting, mineral fertilisation was applied to all the plots at the rates of 30 kg·ha -1 N (ammonium nitrate) and 30 kg·ha -1 K 2 O (potash salt). Phosphorus was not applied as the soil was rich in available forms of this element. Three cuts of grasses were harvested from 2010 to 2012. Ammonium nitrate was applied three times per year. The total nitrogen (100 kg·ha -1 ) amount was split into three equal rates which were applied before each cutting. Phosphorus and potassium needs of the grass were calculated, taking into account the expected dry matter yields, the appropriate mineral (from the ruminant nutrition standpoint) contents of hay and soil P and K availability. Moreover, to determine phosphorus and potassium application rates, coefficients given by Fotyma and Mercik [1995] were used to convert the amounts of the nutrients taken up by grass yields into the rates of phosphorus and potassium fertilisers. P and K fertilisation was applied to all the plots. Phosphorus was applied once as triple superphosphate at a rate of 40 kg·ha -1 P 2 O 5 in the spring. The amount of potassium (160 kg·ha -1 K 2 O) was split into three equal portions and applied prior to each cutting as 60% potash salt. The seaweed extract was sprayed as an aqueous solution, the rate was 2 dm 3 of biostimulant per hectare diluted in water to 400 dm 3 . The spraying was performed before each cutting: the first application was three weeks before the first cutting, the second two weeks after the first harvest, and the last three weeks after the second harvest. Plots with no biostimulant were water sprayed (400 dm 3 ·ha -1 ). During harvest of all the cuts, plants obtained from the whole plot (its whole area, that is 10 m 2 ) were mixed and 0.5 kg samples of green matter were taken from each plot to perform chemical analyses.
The samples were left to dry in a ventilated room. Airy dry matter was shredded and ground. The obtained material was subjected to chemical analysis to determine dry matter, cellulose, hemicellulose, lignin, total protein, crude ash and crude fat. The listed components were determined by near infrared spectroscopy (NIRS) using a NIRFlex N-500 spectrometer and ready-to-use INGOT ® calibration applications. INGOT ® is a set of Universal NIR calibrations (adapter to the NIRFlex N-500 data format) for the analysis of Raw materials and finished products e.g. grass.
Non-structural carbohydrates were calculated according to Virkajärvi et al. [2012] : non-structural carbohydrates = 1000 -(cellulose + hemicelluloses + lignin + total protein + crude ash + crude fat).
Statistical analysis of the results included variance analysis of a four-factor repeated (biostimulant, N doses, species, cultivar, cut) experiment. The experimental design was split-splitsplit-plot. The statistical data were calculated by Excel software with the linear models as suggested by Trętowski and Wójcik [1991] . Significance of differences between means was checked using the Tukey test at the significance level of 0.05. Correlation coefficients were calculated with STATISTICA (data analysis software system), Version 10 (www.statsoft.com.).
Meteorological data for the study years (2010-2012) were obtained from the Siedlce Meteorological Station. The values of the Sielianinov's hydrothermal coefficient were calculated to determine the temporal and spatial variation in precipitation and air temperature as well as their effect on the chemical composition of the grasses tested [Skowera and Puła, 2004] . The values are presented in Table 1 .
RESULTS AND DISCUSSION
Forage grass species are highly variable in relation to lignin content as well as structural and nonstructural carbohydrates due to an effect of biological, ecological and anthropogenic factors, cultural practices in particular. The average cellulose and hemicellulose contents in plant dry matter, 287.5 and 186.2 g·kg
, respectively, were significantly affected by all the experimental factors (Tables 2  and 3) . A significant effect of Kelpak on structural carbohydrates was found in both species of grass. Regardless of the grass species, cultivar, study year or cut, the biostimulant significantly reduced structural carbohydrates in the grasses. Also, cellulose and hemicellulose contents (averaged across years) significantly decreased in grass harvested at each cut due to the application of Kelpak. These contents determined in the dry matter of the plants tested in each study year were significantly lower after treating with the seaweed extract.
According to Matysiak [2005] , the effect of seaweed extract may be closely related to the plant genotype and depend on individual characteristics of a cultivar. The results reported here demonstrated that structural carbohydrates significantly decreased in the plants tested after the biostimulant was applied, regardless of the cut or study year. Also, the grass cultivars had significantly different amounts of structural carbohydrates, regardless of whether Kelpak was applied or not. Dactylis glomerata cv. Tukan and Festulolium braunii cv. Felopa contained more cellulose and hemicellulose than their species counterparts. Moreover, Dactylis glomerata had greater amounts of cellulose and hemicellulose than Festulolium braunii, the finding reported by Borowiecki [2002] , too. Grass contents of both the components were significantly affected by the cut. Cellulose and hemicellulose contents were the highest in the first-cut (298.9 g·kg -1 ), and second-cut grass (197.5 g·kg -1 ), respectively. Cellulose content significantly decreased in successive cuts during the growing season, the finding confirmed in the study on reed canarygrass conducted by Golińska and Kozłowski [2006] . However, the results of this study demonstrated no significant differences in structural carbohydrates between the grasses harvested in successive study years. Statistical analysis of data for cellulose and hemicellulose contents in both the grass species revealed a significant correlation of all the experimental factors.
Average grass dry matter content of lignin in the tested plants amounted to 40.1 g·kg -1 (Table  4 ) and was significantly affected by the experimental factors. The lowest average lignin content was determined in Kelpak-treated Festulolium braunii cv. Agula and the highest in untreated Dactylis glomerata cv. Tukan (45.2 g·kg -1 ). An application of the seaweed extract significantly reduced lignin content in grasses, regardless of the species, cultivar, cut or study year. The work presented here indicated that Festulolium braunii is not as lignin-rich as Dactylis glomerata. Moreover, Kelpak significantly reduced lignin content in both the species tested. However, no significant differences were found between the cultivars of the same species. The analysis of data for successive cuts (averaged across years) revealed a significantly lower lignin content of grass in the third-cut grass compared with the remaining cuts. The highest lignin content was determined in the second-cut grass, which agrees with the findings reported by Golińskia and Kozłowski [2006] . The average lignin content was the highest in grass harvested in the second study year, compared with the remaining years. Also, an application of the biostimulant significantly reduced the grass content of lignin in all the study years. Increased structural carbohydrates and lignin content cause poorer digestibility and reduce the energy value of feed. More frequent cutting of grass may restrict the amount of both the components [Ciepiela 2004 ]. Similar effect can be obtained after an application of a seaweed extract, as demonstrated in the study reported here.
Forage grass species display substantial variation in the amount of non-structural carbohydrates they contain. The average value for the species tested in this work was 205.2 g·kg -1 dry matter (Table 5) . Non-structural carbohydrates increased by 7.7% following an application of the kelp extract, regardless of the remaining experimental factors. Similar findings have been reported by Ciepiela and Godlewska (2014 got higher carbohydrate contents. Dobrzański [2008] has reported a substantial increase in non-structural carbohydrates following an application of such an extract. Although there are no reports in international literature concerning the efficacy of natural biostimulants applied in grass, their effect has been found to be highly dependent on crop plant species and cultivar [Sultana et al., 2005] . In the study discussed here, Festulolium braunii contained by 16.7% more non-structural carbohydrates compared with Dactylis glomerata, the difference being statistically significant. Similar findings were reported by Downing and Gamroth [2007] .
An application of Kelpak significantly increased the concentration of non-structural carbohydrates in both the grass species. According to Grzelak [2010] , plant species is one of the factors affecting plant content of sugars. The lowest amount of non-structural carbohydrates was determined in the second-cut grass. It was the highest in the first-cut grass, the differences being statistically significant. An application of kelp extract significantly increased non-structural carbohydrates in the grass in successive cuts (averaged across years). Significant differences between the amounts of non-structural carbohydrates were found between the successive study years, the lowest amount being recorded in the second study year and the highest in the third study year, probably due to the weather conditions. Values of hydrothermal coefficient presented in table 1 indicate that the summer months in the third study year were either very dry or dry. According to many authors [Lu and Zhang, 1998; Olszewska et al. 2010 ], sugar contents of plants increase when water shortages oc- n.s. -not significant differences cur in the soil probably because it is more difficult for a plant to transport assimilates from leaf blades to roots. Linear correlation coefficients were calculated between biostimulant rates and the amounts of components in the plants tested (Table 6 ). The values indicate that non-structural carbohydrates and lignin content were negatively correlated with Kelpak rate in the successive study years, for individual species, and regardless of these factors. Non-structural carbohydrates were positively correlated, regardless of the study years or grass species. Correlation coefficients between the examined components of grasses (Table 7) indicate that structural carbohydrates were significantly negatively correlated with non-structural carbohydrates and positively associated with lignin content in the plants tested. 
CONCLUSIONS
1. Kelpak-treated grasses had significantly reduced cellulose, hemicellulose and lignin contents. However, non-structural carbohydrates were higher in these plants regardless of the remaining factors.
2. The concentration of carbohydrates was significantly different in the plants tested. Festulolium braunii cv. Agula had the highest nutritional value.
3. The amounts of the examined components substantially differed during the growing season. Most non-structural carbohydrates and cellulose were determined in the firstcut grass and most hemicellulose in the third-cut grass. 
